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Duplex PCR facilitates the identification of immunoglobulin kappa (IGK) gene rearrangements in acute lymphoblastic leukemia
TO THE EDITOR T cell receptor (TCR) and immunoglobulin (Ig) genes have been widely used as molecular targets for the detection of minimal residual disease (MRD) in acute lymphoblastic leukemia (ALL).
1,2 Recent studies of immunoglobulin kappa (IGK) gene rearrangements using Southern blot and PCR strategies have demonstrated that rearrangements of the kappa deleting element (Kde) occur in approximately 50% of Blineage ALL. 3, 4 Almost all IGK gene deletions are mediated via Kde which recombines either to one of the V elements or to the recombination signal sequence in the intron between J5 and C (intron RSS). Kde rearrangements are much more stable during the progression of ALL than other Ig or TCR recombinations and can therefore be regarded as ideal markers for the monitoring of MRD. 4 In B-lineage ALL the VI, VII, and VIII elements are preferentially rearranged to Kde, and RSS-Kde recombinations represent approximately one-third of the Kde rearrangements. 4 We have now established a duplex PCR strategy which allows the rapid identification of the main Kde rearrangements in ALL patients.
We designed two duplex PCRs for the detection of Kde rearrangements which are frequently observed in B-lineage ALL. One duplex PCR (D-PCR 1) amplifies Vl-Kde and RSS-Kde rearrangements, the other (D-PCR 2) detects VII-Kde, VIII-Kde, and VIV-Kde recombinations. 100 ng of genomic DNA were were processed in 70 l of the PCR mixture containing 7 l of 10× buffer, 2.1 l of 50 mM MgCl 2 , 1 U of Taq polymerase (Life Technologies, Karlsruhe, Germany), as well as 200 M dNTP and 30 pmol of each primer. Primers used for D-PCR 1 were VI-5Ј, intron-3Ј as well as Kde-3Ј, and VII-5Ј, VIII-3Ј and Kde-3Ј for D-PCR 2. 5 The mixture was initially heated at 94°C for 4 min and the DNA was amplified using a touch down program whose annealing temperature begins at 66°C and decreases 0.5°C at every cycle on a thermal cycler (Primus96, MWG AG Biotech, Ebersberg, Germany). After the annealing temperature was reached at 52°C in the 28th cycle, 12 additional cycles were performed at 52°C. 10 l of each PCR product was resolved on an agarose gel (FMC, Rockland, ME, USA) containing ethidium bromide. Buffy coat (BC) DNA from healthy volunteers and water were used in every experi- ment as negative controls. Heteroduplex analysis was performed as described. 6 Homoduplex formations of the expected size were considered as indicators of a clonal cell population. 40 l of the PCR products were then electrophoresed on an agarose gel and purified with a QIAEXII Kit (Qiagen, Hilden, Germany). For direct sequencing the appropriate internal primer was used. 5 Sequence analyses were carried out using a Cy5 Thermo Sequenase Dye Termination Kit (Amersham Pharmacia Biotech, Freiburg, Germany) and an autosequencer (ALFexpress II, Amersham Pharmacia Biotech). In cases exhibiting two homoduplex bands in the heteroduplex analysis the PCR product was cloned into a plasmid vector (TOPO TA cloning kit; Invitrogen, Groningen, The Netherlands) prior to sequence analysis. Ten-fold serial dilutions were made of diagnostic DNA into BC DNA. One g of each dilution (from 10 −1 to 10 −6 ), BC DNA as well as H 2 O were amplified with the respective outer primers 5 using the touch down program described above. 5 l of each product was dotted on to a nylon filter. ASO design, end-labelling, and hybridization were carried out as described. 5 Initially we investigated 20 pediatric ALL samples where an IGK rearrangement had been previously detected by Southern blot analysis. 2 By the application of duplex PCR we were able to confirm the results in every patient. Hence, duplex PCR appears to be a reliable strategy for the detection of IGK recombinations. Also DNA samples from healthy volunteers occasionally show amplification products; however, their polyclonal nature can easily be discriminated from the monoclonal pattern of leukemia samples in the consecutive step of heteroduplex analysis. We next characterized IGK gene rearrangements in 34 adult patients with B-lineage ALL enrolled in the multicenter trial GM ALL 05/93. 7 The immunophenotypes comprised four pro-B ALL, 18 common ALL, seven pre-pre-B ALL, three pre-B ALL and two B-ALL. Fourteen patients (41.2%) showed an IGK rearrangement (Table 1 ) and seven patients exhibited two IGK recombinations. Among the 21 rearranged Kde alleles we observed three VI-Kde (14.3%), six VII-Kde (28.6%), five VIII-Kde (23.8%), one VIV-Kde (4.8%), and six RSS-Kde (28.5%) recombinations. We confirm the preferential usage of the A17 element in VII-Kde and of A27 in VIIIKde rearrangements (Table 1) . 4 Recently, Szczepanski et al 8 reported that Kde rearrangements were detected by PCR in eight out of 26 adults (31%) with B-lineage ALL. Since they did not observe RSS-Kde rearrangements in their series of adult ALL patients, they concluded that the absence of RSS-Kde recombinations may reflect one characteristic difference between children and adults with ALL. 8 However, 
a PCR products were cloned and subsequently sequenced.
here we report on six RSS-Kde rearrangements in five adult ALL patients. This frequency is compatible with the incidence in childhood ALL. 8 The discrepancy between our results and the previous report 8 might be due to the limited number of adult patients analyzed thus far. However, we emphasize that RSS-Kde rearrangements do occur in adult ALL patients and represent a valuable tool for the detection of MRD, irrespective of the age of onset of the disease. According to duplex PCR, patient 23 (Table 1) showed an RSS-Kde recombination at one allele and a putative VIII-Kde recombination on the other allele. However, sequence analysis revealed a VIV-Kde rearrangement on the second allele. The most likely explanation for this incorrect classification stems from the fact that the VIII-3Ј primer differs in only 1 bp from the corresponding VIV sequence. 5 In order to exclude the possibility of false-positive results in the other patients with VIII-Kde rearrangements we reinvestigated respective patients by PCR using VIV-5Ј and Kde-3Ј primers. However, no further VIVKde rearrangement was observed. Hence, the second duplex PCR described in this report can be used for the detection of VIV-Kde, as well as VIII-Kde rearrangements. However, VIV-Kde recombinations are infrequently observed in ALL.
Sequence analyses revealed a mean insertion of 3.0 nucleotides and a mean deletion of 10.4 nucleotides at the junctional regions of Kde rearrangements (Table 1) . In order to apply Kde rearrangements for the detection of MRD, 10 ASOs from eight patients were designed according to criteria proposed previously. 5 The sensitivities of these clonospecific probes varied between 10 −4 and 10 −6 (not shown). In conclusion, the duplex PCR strategy for the detection of Kde rearrangements described here represents a rapid and reliable alternative to Southern blot analysis for the identification of IGK targets for the detection of MRD in ALL patients.
